Abstract. A common perception is that desert birds experience greater extremes of heat and aridity than their mammalian counterparts, in part, because birds do not use burrows as a refuge from the desert environment. We report observations of Dunn's Larks (Eremalauda dunni), Bar-tailed Desert Larks (Ammomanes cincturus), Black-crowned Finch Larks (Eremopterix nigriceps), and Hoopoe Larks (Alaemon alaudipes) using burrows of the large herbivorous lizard Uromastyx aegypticus as thermal refugia during hot summer days in the Arabian Desert. Continuous recordings of shade air temperature (Ta), soil surface temperature (Tsuface), burrow air temperature (Ta-burrow), and burrow substrate temperature (Tsubstrate) showed that Tsurface exceeded 600C on most days. Ta typically exceeded 450C, whereas Ta-burro was around 41'C during midday. Calculations of total evaporative water loss at different temperatures indicated that Hoopoe Larks can potentially reduce their water loss by as much as 81% by sheltering in Uromastyx burrows during the hottest periods of the summer day.
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Environments of hot deserts can include periods of high ambient air temperature (Ta), sometimes in excess of 500C, intense solar radiation, desiccating winds, lack of surface water for drinking, and low primary production, conditions which in combination may pose a serious challenge to the survival and reproduction of inhabitants (Meigs 1953, Louw and Seely 1982) . Studies on vertebrate animals that live in these habitats have often revealed both physiological and behavioral specializations which function in concert enabling species to maintain a positive water balance. For birds, behavioral strategies, such as selection of favorable microenvironments, are often identified as the most effective means of water conservation (Dawson and Bartholomew 1968 , Williams et al. 1995 , Maclean 1996 . Many small mammals that live in deserts evade the vicissitudes of their environment because they forage at night, and remain within a subterranean burrow during the day where Tas are less thermally stressful (Schmidt-Nielsen 1964) . Desert birds, which are mostly diurnal, usually seek shade during midday when solar radiation is most intense and Tas are highest, but the physiological consequences of this microsite selection have been seldom explored (Walsberg 1985 . Knowledge about how birds perform under these conditions provide insights that are fundamental to the understanding of the ecology of species that live in deserts.
It is often stated that arid-zone birds do not use burrows as a shelter, and as a result, experience greater extremes of heat and aridity than many of their mammalian counterparts (Dawson and Bartholomew 1968, Wolf et al. 1996) . Although birds do not dig underground tunnels to avert exposure to high TaS of the desert, we observed Dunn's Larks (Eremalauda dunni), Bar-tailed Desert Larks (Ammomanes cincturus), Black-crowned Finch Larks (Eremopterix nigriceps), and Hoopoe Larks (Alaemon alaudipes) using burrows of the large herbivorous lizard Uromastyx aegypticus as thermal refugia during hot summer days in the Arabian Desert. We document this unusual behavior, describe the thermal environment of these burrows, and estimate the consequences of their use for the water economy of the Hoopoe Lark.
METHODS
Our study area consisted of the eastern portion of Ma hazat as-Sayd, a 2,244 km2 fenced reserve located in the west-central region of the Arabian Desert (22'15 41'50'E), among the hottest regions of the wor (Meigs 1953 (Seddon 1996 , Shobrak 1996 . Rainfall averages ca. 100 mm year-'.
The Egyptian spiny-tailed lizard, Uromastyx aegypticus, common throughout the Arabian Peninsula, feeds primarily on leaves and seeds (Al Sadoon et al. 1994) . Weighing from 1.0-1.6 kg as adults, these large lizards excavate a single burrow which typically extends 3-4 m in length at a depth of >1 m. In Mahazat, densities of Uromastyx burrows averaged 28.5 ? 8.5 burrows km-2 along two 15 km transects (Shobrak, unpubl. data) .
Observations made in early June 1998 suggested that several species of larks were entering Uromastyx burrows during periods of extreme heat, a behavior that we hypothesized reduced water loss. Judging from the depth of bird feces in burrows, of circular depressions in burrows presumably fashioned by the birds, and of three Hoopoe Larks that we observed while they occupied a burrow, we estimated that birds were usually descending 20-30 cm into these tunnels. As the season progressed, we focused our attention on Hoopoe Larks because a large proportion of the population in Mahazat seemed to be utilizing Uromastyx burrows during midday. To determine the exact time that Hoopoe Larks entered burrows, we watched nine burrows from a vehicle beginning at 09:00 until birds entered burrows. We continued our vigil at least 1 hr after the birds arrived. To ascertain the daily pattern of burrow use, we watched burrows known to be used by Hoopoe Larks continuously from 06:00 to 18: 00 on two different days. On five occasions when we found a bird using a burrow during midday, we watched until it left.
In three burrows, previously used by Hoopoe Larks,
we continuously recorded 15 min averages of Ta, Tsface, Ta-burrow, and Tsubstrate over a period of 2-3 days using a Campbell 21X data logger. Here, we measured Ta 10 cm from the ground with a 36-gauge thermocouple inside a cylindrical cone fashioned from aluminum foil, Tsuface and Tsubstrate were measured using a 30-gauge thermocouple soldered to a piece of fine-gauged wire mesh (4 x 5 cm) that was covered with 1 mm of 08:00 and 09:00 (see also Shobrak 1998 On three occasions we watched a Hoopoe Lark tral region of the body of Hoopoe Larks is devoid of ventral parts of their bodies pressed tightly to the feathers which would enhance dry heat loss to the soil. ground, a behavior that would dissipate heat by conWhen we purposefully flushed Hoopoe Larks from ductance instead of by evaporative cooling and may lizard burrows during the hottest part of the day, forc-result in significant water savings. However, we also ing them to find other shade, without exception, birds noted that birds sometimes panted, an indication that flew to another burrow and disappeared from our view metabolic heat could not be totally dissipated by con-(n = 10). If we evicted them from this second burrow, duction to the soil.
birds would either return to the first, or find another one. On 17 July, after we forced a bird from its burrow, DISCUSSION it flew to one nearby, and was vigorously attacked by Our data show that occupancy of lizard burrows is a the Hoopoe Lark that was the occupant. On several common behavior among larks in the Arabian Desert, days we observed an adult sharing a burrow with a and that Hoopoe Larks, the largest of the species (40-second bird, presumably one of its offspring. The large 50 g), select this microsite more frequently than do proportion of the Hoopoe Lark population employing smaller species, even though Hoopoe Larks were less burrows as refuge, their unwillingness to use alterna-common than either Dunn's Larks or Black-crowned tive sites, and their vigorous defense of burrows, to-Finch Larks (Newton and Newton 1997; Shobrak, ungether (Williams et al. 1995) , then water loss would be nearly 9% of its body mass hr-', a rate that could be sustained for only short periods (Table 1) . calculated that Verdins
Auriparus flaviceps (7 g) in the full sun in the Sonoran
Desert would lose 7% of their body mass hr-'. If Hoopoe Larks (40-45 g) remained above ground, but sought shade, at a Ta of 48.90C, they would evaporatively lose 1.35 g H20 hr-', or 3.0% of their body mass (Table 1) . By seeking underground shade, larks could reduce their TEWL to 0.47 g H20 hr-', or 2.34 g H20 over 5 hr, a 65% reduction. By pressing their ventral apteria to the burrow substrate, Hoopoe Larks can further reduce their TEWL, perhaps as low as 0.25 g H20 hr-', a value 81% lower than for water loss in above ground shade. These calculations emphasize that the use of burrows can provide a significant savings to the water economy of Hoopoe Larks, and indicate that this behavior is potentially important to their survival.
